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(57) ABSTRACT

A digital camera is provided with a frequency component
extraction unit, an AR evaluation value acquisition unit, a
variation calculation unit, and a moving speed control unit.
The frequency component extraction unit has first and
second filters, and extracts first and second spatial frequency
components. The AF evaluation value acquisition unit inte-
grates the first and second spatial frequency components to
acquire first and second AF evaluation values. The variation
calculation unit calculates a first variation corresponding to
first-order differentiation of the first AF evaluation value, a
second variation corresponding to first-order differentiation
of the second AF evaluation value, and a third variation
corresponding to second-order differentiation of the second
AF evaluation value. The moving speed control unit controls
the moving speed of a focus lens at the time of an AF
operation based on the rates of increase or decrease of the
first to third variations.
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FIG. 11
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FIG. 12

START
| DETECT OBJE&)T LUMINANCE  ~S20
S21

< OBJECT LUMINANGCE IS LESS

599 NON\THAN PREDETEFMINED VALUE?>

{ YES
| SELECT FIRST TABLE | |[SELECT SECOND TABLE |~S23
[

| DETERMINE MOYING DIRECTION |

| SET lNlTL:\L SPEED |
|_STARTTO MOVJE FOCUS LENS |

IMAGING

ACQUIRE FIRST AND SECOND
AF EVALUATION VALUES

VES FOCUSING? >

NO

GALCULATE FIRST TO
THIRD VARIAlTlONS
< SPEED CHANGE IS REQUIRED? >W-

YES
MOVE FOCUS LENS l
TO FOCAL POSITION | GHANGE SPEED |




U.S. Patent Oct. 25, 2016 Sheet 11 of 23 US 9,479,690 B2

FIG. 13

START
$30
MOVING IVAGE
$31 ﬁ PHOTOGRAPHING MODE? 7

¢ | YES
| SELECT FIRST TABLE | | SELECT SECOND TABLE ~S32
i

| DETERMINE MOVING DIRECTION |

!
| SET INITIAL SPEED |

!
| START TO MOVJE FOCUS LENS |

IMAGING

ACQUIRE FIRST AND SECOND
AF EVALUATION VALUES

VES FOCUSING? )

NO

GALCULATE FIRST TO
THIRD VARIATIONS

l
< SPEED CHANGE IS REQUIRED? D
TYES NO

| CHANGI|E SPEED |

|
MOVE FOCUS LENS
TO FOCAL POQSITION




US 9,479,690 B2

Sheet 12 of 23

Oct. 25, 2016

U.S. Patent

N 1INN - _ 1INN FOVHOLS
1~ NoLLIND0O 308 1| 7T ﬂwﬁ oNL o [
[ _INNNOLLISINDOY 1 |... | IINA NOLLOZLA LIN NOISSINZ
88~3nTvA NOLLVITIVAZ 4v|+—~{€7 7 NOILISOd D04 THOI HSY14 [ ¥4
e 2y LINN TOHINOD
;m ¥3LTH ONOD3S) L. (133dS DNIAOW
e LT 1SHl3 /LN NOILYIROTYO [ 8 Ji:
g3A0 | [93ARa | [3ARG
oi-] UNn | [INnJodinooR [ LN IOSINOONIN | 3ion | | Nolow | | #OLOW
AIdSIa | AYIdSid 0 QMHL | | ONOD3S | | LSHH
9¢
O~ VIGIN LINN TOYLNOD [+ m_/ Ge ¥ €2
ONIGHOO VIGIN W W W
Ge~’ 76
ol
ININTT3 ONIDYII | | .
. 3LVLS AN0S 7 .
66~ AONN [+ LINTL 10UNOD I , V1
(
2 2 1z 0
Vad
vl Ol




U.S. Patent Oct. 25, 2016 Sheet 13 of 23 US 9,479,690 B2

FIG. 15
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FIG. 16
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1
PHOTOGRAPHIC APPARATUS AND
METHOD FOR FOCUSING CONTROL
USING TWO HIGH PASS FILTERS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a Continuation of PCT International
Application No. PCT/JIP2014/069175 filed on Jul. 18, 2014,
which claims priority under 35 U.S.C §119(a) to Japanese
Patent Application No. 2013-160395 filed Aug. 1, 2013. The
above application is hereby expressly incorporated by ref-
erence, in its entirety, into the present application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a photographing method
and apparatus which photographs an object while perform-
ing auto focus of a contrast system.

2. Description Related to the Prior Art

A photographing apparatus, such as a digital camera,
includes a focus lens, a lens drive unit which moves the
focus lens in an optical axis direction, and an imaging unit
which images the object through the focus lens to generate
image data. Such a photographing apparatus is normally
provided with an auto focus (AF) function of automatically
executing a focusing operation without any user operation.
As the AF function, a contrast system in which a focal
position where image contrast is the highest is detected
while moving a focus lens is generally used.

The AF function of the contrast system is realized by a
frequency component extraction unit, an AF evaluation
value acquisition unit, and a focal position detection unit.
The frequency component extraction unit extracts a prede-
termined spatial frequency component from each piece of
image data, which is generated through imaging with an
imaging unit at an interval of a predetermined time while
moving the focus lens, using a high pass filter. The AF
evaluation value acquisition unit integrates the extracted
spatial frequency component to acquire an AF evaluation
value representing contrast. The focal position detection unit
detects the focal position of the focus lens searches by
searching for a peak position of the AF evaluation value.

Since the peak of the AF evaluation value does not appear
if the focus lens does not actually pass the focal position,
when the moving speed of the focus lens is high, the moving
pitch of the focus lens is great, and the focus lens may
greatly depart from the focal position. In this case, as
described in United States Patent Application Publication
No. 2011/0261251 (corresponding to WO2010/050200A),
after the focus lens passes through the focal position, the
moving speed of the focus lens is changed to a low speed to
reduce the moving pitch, whereby it is possible to detect the
focal position with excellent accuracy. However, it takes a
long time until the focus lens is returned to the focal position
after greatly departing from the focal position.

In response to this problem, JP2012-103708A suggests
that first and second AF evaluation values are acquired using
a first high pass filter having a first cutoft frequency and a
second high pass filter having a second cutoff frequency
higher than the first cutoff frequency, and moving control of
a focus lens is performed with the quotient obtained by
dividing the first AF evaluation value by the second AF
evaluation value as a parameter.

In this parameter, a peak appears at a position separated
by a predetermined amount from the focal position. “Coarse
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adjustment” of the focus lens is performed from when the
focus lens starts to move until the peak of the parameter is
detected, and “fine adjustment” is performed after the peak
is detected. Specifically, moving of the focus lens is tem-
porarily stopped when the peak of the parameter is detected,
and thereafter, moving of the focus lens is performed based
on the second AF evaluation value. The first and second
cutoff frequencies are set such that the peak position of the
parameter becomes about twice the moving pitch of the
focus lens from the focal position, whereby the time neces-
sary for fine adjustment is reduced and the AF operation time
is reduced.

However, in the photographing apparatus described in
JP2012-103708A, while coarse adjustment is performed if
moving of the focus lens is started and is changed to fine
adjustment when the focus lens reaches a position separated
by a predetermined amount from the focal position, at this
time, control for the moving speed of the focus lens is not
performed. For this reason, when the moving pitch of the
focus lens is great, since the focus lens greatly departs from
the focal position, the AF operation time is extended.

Furthermore, since the distance between the peak position
of the parameter and the focal position depends on the first
and second cutoft frequencies, in order to reduce the AF
operation time, it is necessary to appropriately set the first
and second cutoff frequencies. When this setting is not
appropriate, the AF operation time is not reduced.

SUMMARY OF THE INVENTION

An object of the invention is to provide a photographing
method and apparatus capable of easily reducing an AF
operation time.

An object of the invention is to provide a photographing
method and apparatus capable of easily reducing an AF
operation time.

In order to attain the above-described object, an imaging
apparatus of an aspect of the invention includes a focus lens,
a lens drive unit, an imaging unit, a frequency component
extraction unit, an AF evaluation value acquisition unit, an
arithmetic unit, a variation calculation unit, a moving speed
control unit, and a focal position detection unit. The lens
drive unit moves the focus lens in an optical axis direction.
The imaging unit images an object at an interval of a
predetermined time through the focus lens moving in the
optical axis direction, and generates a plurality of pieces of
image data. The frequency component extraction unit
extracts a spatial frequency component from each piece of
image data using a first filter and a second filter as high pass
filters. A cutoff frequency of the first filter is higher than a
cutoff frequency of the second filter. The AF evaluation
value acquisition unit integrates the spatial frequency com-
ponent extracted by the first filter to acquire a first AF
evaluation value, and integrates the spatial frequency com-
ponent extracted by the second filter to acquire a second AF
evaluation value. The arithmetic unit subtracts a value
obtained by multiplying or adding a predetermined constant
to the first AF evaluation value from the second AF evalu-
ation value to calculate an arithmetic value. The variation
calculation unit calculates a variation of the arithmetic value
at an interval of the predetermined time. The moving speed
control unit controls a moving speed of the focus lens by the
lens drive unit based on the variation. The focal position
detection unit detects a focal position of the focus lens based
on at least one of the first AF evaluation value and the second
AF evaluation value.
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An imaging apparatus of another aspect of the invention
includes a focus lens, a lens drive unit, an imaging unit, a
frequency component extraction unit, an AF evaluation
value acquisition unit, a variation calculation unit, a moving
speed control unit, a focal position detection unit, a differ-
ence calculation unit, and a table storage unit. The lens drive
unit moves the focus lens in an optical axis direction. The
imaging unit images an object at an interval of a predeter-
mined time through the focus lens moving in the optical axis
direction, and generates a plurality of pieces of image data.
The frequency component extraction unit extracts a spatial
frequency component from each piece of image data using
a first filter and a second filter as high pass filters. A cutoff
frequency of the first filter is higher than a cutoff frequency
of'the second filter. The AF evaluation value acquisition unit
integrates the spatial frequency component extracted by the
first filter to acquire a first AF evaluation value, and inte-
grates the spatial frequency component extracted by the
second filter to acquire a second AF evaluation value. The
variation calculation unit calculates at least a first variation
corresponding to first-order differentiation of the first AF
evaluation value and a second variation corresponding to
first-order differentiation of the second AF evaluation value
at an interval of the predetermined time. The moving speed
control unit controls a moving speed of the focus lens by the
lens drive unit based on the first variation and the second
variation. The focal position detection unit detects a focal
position of the focus lens based on at least one of the first AF
evaluation value and the second AF evaluation value. The
difference calculation unit calculates a difference between
the first AF evaluation value and the second AF evaluation
value. The table storage unit stores a plurality of tables
defining at least a correspondence relationship between rates
of increase or decrease of the first and second variations and
the moving speed. The correspondence relationship is dif-
ferent according to the difference. The moving speed control
unit selects a table corresponding to the difference calculated
by the difference calculation unit from among the plurality
of'tables, and controls the moving speed of the focus lens by
the lens drive unit based on the selected table.

The variation calculation unit preferably calculates a third
variation corresponding to second-order differentiation of
the second AF evaluation value at an interval of the prede-
termined time in addition to the first and second variations.
The table storage unit preferably stores a plurality of tables
in which the rates of increase or decrease of the first to third
variations are associated with the moving speed.

An imaging apparatus of a further aspect of the invention
includes a focus lens, a lens drive unit, an imaging unit, a
frequency component extraction unit, an AF evaluation
value acquisition unit, a variation calculation unit, a moving
speed control unit, a focal position detection unit, a lumi-
nance detection unit, and a table storage unit. The lens drive
unit moves the focus lens in an optical axis direction. The
imaging unit images an object at an interval of a predeter-
mined time through the focus lens moving in the optical axis
direction, and generates a plurality of pieces of image data.
The frequency component extraction unit extracts a spatial
frequency component for each filter constituting a plurality
of high pass filters using the plurality of high pass filters
having different cutoff frequencies from each piece of image
data. The AF evaluation value acquisition unit integrates the
spatial frequency component extracted for each filter to
acquire an AF evaluation value group composed of a plu-
rality of AF evaluation values. The variation calculation unit
calculates a variation of a value based on the AF evaluation
value group at an interval of the predetermined time. The
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moving speed control unit controls a moving speed of the
focus lens by the lens drive unit based on the variation. The
focal position detection unit detects a focal position of the
focus lens based on at least one AF evaluation value of the
AF evaluation value group. The luminance detection unit
detects a luminance of the object. The table storage unit
stores a plurality of tables defining a correspondence rela-
tionship between rates of increase or decrease of the varia-
tions and the moving speed. The correspondence relation-
ship is different according to the luminance. The moving
speed control unit selects a table corresponding to the
luminance detected by the luminance detection unit from
among the plurality of tables, and controls the moving speed
of'the focus lens by the lens drive unit based on the selected
table.

Preferably, the photographing apparatus further includes
at least one pair of phase difference pixels provided in the
imaging unit, and a phase difference focal position detection
unit which detects the focal position with the phase differ-
ence pixels. The moving speed control unit preferably sets
an initial speed for starting to move the focus lens to a
predetermined value by the lens drive unit in the case where
the distance between the position of the focus lens and the
focal position detected by the phase difference focal position
detection unit is equal to or greater than a predetermined
value.

Preferably, each of the first filter and the second filter is
a digital filter which subjects each piece of image data to a
discrete cosine transformation process to extract the spatial
frequency component.

According to the invention, since the variation of the
value based on the AF evaluation value is calculated at an
interval of the predetermined time, and the moving speed of
the focus lens is controlled based on the calculated variation,
it is possible to easily reduce an AF operation time.

BRIEF DESCRIPTION OF DRAWINGS

For more complete understanding of the present inven-
tion, and the advantage thereof, reference is now made to the
subsequent descriptions taken in conjunction with the
accompanying drawings, in which:

FIG. 1 is a front-side perspective view of a digital camera;

FIG. 2 is a rear view of the digital camera;

FIG. 3 is a block diagram showing the electrical configu-
ration of the digital camera;

FIG. 4 is a graph showing a characteristic curve of first
and second filters;

FIG. 5 is a diagram showing a table which is stored in a
table storage unit;

FIG. 6 is a flowchart illustrating an AF operation;

FIG. 7 is a graph showing a simulation result of the AF
operation;

FIG. 8 is a block diagram showing the electrical configu-
ration of a digital camera of a second embodiment;

FIG. 9 is a diagram showing a table which is used in the
second embodiment;

FIG. 10 is a block diagram showing the electrical con-
figuration of a digital camera of a third embodiment;

FIG. 11 is a diagram showing a table which is used in the
third embodiment;

FIG. 12 is a flowchart illustrating an AF operation of the
third embodiment;

FIG. 13 is a flowchart illustrating an AF operation of a
fourth embodiment;

FIG. 14 is a block diagram showing the electrical con-
figuration of a digital camera of a fifth embodiment;
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FIG. 15 is a diagram showing a table which is used in the
fifth embodiment;

FIG. 16 is a flowchart illustrating an AF operation of the
fifth embodiment;

FIG. 17 is a block diagram showing the electrical con-
figuration of a digital camera of a sixth embodiment;

FIG. 18 is a block diagram showing the electrical con-
figuration of a digital camera of a seventh embodiment;

FIG. 19 is a diagram showing a table which is used in the
seventh embodiment;

FIG. 20 is a flowchart illustrating an AF operation of the
seventh embodiment;

FIG. 21 is a block diagram showing the electrical con-
figuration of a digital camera of an eighth embodiment;

FIG. 22 is a sectional view showing the configuration of
a solid state imaging element of the eighth embodiment;

FIG. 23 is a flowchart illustrating an AF operation of the
eighth embodiment;

FIG. 24 is a block diagram showing the electrical con-
figuration of a digital camera of a ninth embodiment; and

FIG. 25 is a graph showing a simulation result of an AF
operation of the ninth embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

In FIGS. 1 and 2, a digital camera 11 includes a camera
body 12, a lens barrel 13, a flash emission unit 14, an
operating unit 15, and a display unit 16. The lens barrel 13
is provided on the front surface of the camera body 12. The
flash emission unit 14 is provided on the front surface of the
camera body 12, and emits a flash toward an object for
photographing.

The operating unit 15 has a power button 17, a release
button 18, a mode selection button 19, and the like, and is
provided in the upper portion of the camera body 12. The
power button 17 is operated for turning on/off a power
supply (not shown) of the digital camera 11. The release
button 18 is operated for executing photographing. The
mode selection button 19 is operated for switching an
operation mode of the digital camera 11. Various photo-
graphing scenes (indoor, figure, night view) can be set by the
mode selection button 19 and the like.

The release button 18 has a two-stage stroke type switch
(not shown) constituted of an S1 switch and an S2 switch.
Ifthe release button 18 is depressed (half-depressed) and the
S1 switch is turned to an on state, the digital camera 11
performs a photographing preparation operation, such as an
auto focus (AF) operation. If the release button 18 is further
depressed (full-depressed) in this state, and the S2 switch is
turned to an on state, a photographing operation is per-
formed.

The operation mode of the digital camera 11 includes a
still image photographing mode in which a still image is
acquired, a moving image photographing mode in which a
moving image is acquired, a reproduction mode in which
each acquired image is reproduced and displayed on the
display unit 16, and the like. The display unit 16 is consti-
tuted of a liquid crystal display or the like, and displays
images acquired in various photographing modes, or a menu
screen for performing various settings.

When the operation mode is set to the still image photo-
graphing mode or the moving image photographing mode,
the display unit 16 displays a live view image until photo-
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graphing is executed. The user can determine composition
while observing the live view image displayed on the
display unit 16.

The digital camera 11 is provided with a slot (not shown)
into which a recording media 40 (see FIG. 3) described
below is loaded.

In FIG. 3, the lens barrel 13 is provided with a variable
magnification lens 20, a diaphragm 21, and a focus lens 22
arranged along an optical axis LA, and first to third motors
23 to 25 which drive the variable magnification lens 20, the
diaphragm 21, and the focus lens 22. On the light emission
side of the lens barrel 13, a solid state imaging element 26
as an imaging unit is provided. The variable magnification
lens 20 is constituted of one lens or a plurality of lenses, is
driven by the first motor 23 to move in the optical axis
direction, and changes the size (magnification) of an object
image formed on a light reception surface of the solid state
imaging element 26.

The diaphragm 21 is constituted of a plurality of movable
blades which form an aperture 21a. In the diaphragm 21, a
plurality of blades are driven by the second motor 24 to
change the size of the aperture 21a, whereby the amount of
light passing through the aperture 214 is changed. The focus
lens 22 is constituted of one lens or a plurality of lenses, is
driven by the third motor 25 to move in the optical axis
direction, and changes the focusing state of the object image
formed on the light reception surface of the solid state
imaging element 26.

The first to third motors 23 to 25 are a stepping motor or
a servo motor, and are respectively driven by first to third
motor drivers 27 to 29. The first to third motor drivers 27 to
29 respectively control the first to third motors 23 to 25
under the control of a main control unit 30. In this embodi-
ment, the third motor 25 and the third motor driver 29
constitute a lens drive unit which moves the focus lens 22 in
the optical axis direction.

The flash emission unit 14 performs a flash emission
operation under the control of the main control unit 30. The
main control unit 30 integrally controls the entire digital
camera 11 based on an operation signal input from the
operating unit 15.

The solid state imaging element 26 is, for example, a
single-plate color imaging type CMOS image sensor having
a color filter of an RGB system, and has a light reception
surface constituted of a plurality of pixels (not shown)
arranged in a two-dimensional matrix. Each pixel includes a
photoelectric conversion element, and photoelectrically con-
verts the object image formed on the light reception surface
by the lens barrel 13 to an imaging signal.

The solid state imaging element 26 includes signal pro-
cessing circuits (all are not shown), such as a noise elimi-
nation circuit, an auto gain controller, and an A/D conver-
sion circuit. The noise elimination circuit subjects the
imaging signal to a noise elimination process. The auto gain
controller amplifies the level of the imaging signal to an
optimum value. The A/D conversion circuit converts the
imaging signal to a digital signal and outputs the digital
signal from the solid state imaging element 26. An output
signal of the solid state imaging element 26 is image data
(so-called RAW data) having one color signal for each pixel.

The solid state imaging element 26 is driven and con-
trolled by the main control unit 30 according to the photo-
graphing mode selected by the mode selection button 19.

The main control unit 30 controls the respective units
based on the photographing mode selected by the mode
selection button 19 or predetermined photographing condi-
tions according to a photographing scene.
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The main control unit 30 is connected to a control bus 31.
The solid state imaging element 26 is connected to a data bus
32. A memory control unit 33, a digital signal processing
unit 34, a media control unit 35, a display control unit 36, a
frequency component extraction unit 37, and an AF evalu-
ation value acquisition unit 38 are connected to the control
bus 31 and the data bus 32.

A temporary storage memory 39, such as an SDRAM, is
connected to the memory control unit 33. The memory
control unit 33 inputs image data output from the solid state
imaging element 26 to the memory 39 and stores image data
in the memory 39. The memory control unit 33 outputs
image data stored in the memory 39 to the digital signal
processing unit 34.

The digital signal processing unit 34 subjects image data
(RAW data) input from the memory 39 to a defect correction
process, a demosaic process, a gamma correction process, a
white balance correction process, a YC conversion process,
and the like, and generates YC image data having a lumi-
nance signal Y and a color difference signal C.

The media control unit 35 controls recording and reading
of an image file in and from the recording media 40. The
recording media 40 is, for example, a memory card embed-
ded with a flash memory or the like. The format of an image
file recorded in the recording media 40 is set by the
operating unit 15.

In the case of the still image photographing mode, as an
image file, for example, compressed image data where YC
image data is compressed based on the JPEG standard or the
like is recorded in the recording media 40. In the case of the
moving image photographing mode, moving image data
where YC image data of a plurality of frames obtained by
moving image photographing is compressed based on the
MPEG-4 standard or the like is recorded in the recording
media 40. The compression processes are performed by the
digital signal processing unit 34. In the case of the moving
image photographing mode, while sound is acquired and
recorded in addition to an image, in this embodiment,
description of a configuration relating to sound acquisition
and recording will be omitted.

The display control unit 36 controls image display on the
display unit 16. The display control unit 36 converts YC
image data generated by the digital signal processing unit 34
to a video signal based on the NTSC standard or the like and
outputs the video signal to the display unit 16.

The frequency component extraction unit 37 has a first
filter 37a and a second filter 375. The first and second filters
37a and 376 are digital filters which subject the luminance
signal of YC image data to discrete cosine transformation
and extract a predetermined spatial frequency component.
Specifically, as shown in FIG. 4, a characteristic curve K1 of
the first filter 374 has a first cutoft frequency f1. A charac-
teristic curve K2 of the second filter 375 has a second cutoff
frequency f2 higher than the first cutoff frequency f1. The
first filter 37a passes a first spatial frequency component
higher than the first cutoff frequency fl. The second filter
37b passes a second spatial frequency component higher
than the second cutoff frequency f2.

The luminance signal which is used when the frequency
component extraction unit 37 extracts the first and second
spatial frequency components is a luminance signal within
an AF area (not shown) set in the light reception surface of
the solid state imaging element 26. The AF area can be set
by the operating unit 15. An AF area suitable for a photo-
graphing scene can be automatically set by the main control
unit 30.
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The AF evaluation value acquisition unit 38 is constituted
of an integrator. The AF evaluation value acquisition unit 38
integrates the first spatial frequency component extracted by
the first filter 37a to generate a first AF evaluation value, and
integrates the second spatial frequency component extracted
by the second filter 375 to generate a second AF evaluation
value.

The main control unit 30 has a CPU and an internal
memory which stores a processing program, and controls the
respective units according to the flow defined in the pro-
cessing process. At the time of the AF operation, the main
control unit 30 performs control such that the third motor
driver 29 moves the focus lens 22 along the optical axis LA,
and drives the solid state imaging element 26, the memory
control unit 33, the frequency component extraction unit 37,
and the AF evaluation value acquisition unit 38 in a prede-
termined period PT. With this, at the time of the AF
operation, the first and second AF evaluation values are
acquired at an interval of the predetermined time PT.

In the main control unit 30, a variation calculation unit 41,
a moving speed control unit 42, and a focal position detec-
tion unit 43 are constituted. The variation calculation unit 41
calculates variations of the first and second AF evaluation
values at an interval of the predetermined time PT. Specifi-
cally, the variation calculation unit 41 calculates a first
variation corresponding to first-order differentiation of the
first AF evaluation value, a second variation corresponding
to first-order differentiation of the second AF evaluation
value, and a third variation corresponding to second-order
differentiation of the second AF evaluation value.

If the lens position of the focus lens 22 is “x”, the moving
distance for the predetermined time PT when the focus lens
22 moves at a “low speed” described below is “Ax”, and the
first and second AF evaluation values at the lens position “x”
are respectively E,(x) and E,(x) the first to third variations
V,(x) to V5(x) are represented by Expressions (1) to (3).

Vi)={E\(x)-E, (x-Ax) }/Ax M

Vo) ={Ex(x)-E>(x-Ax) }/Ax @

Vo) ={Va(x)- V> (x-Ax) }/Ax 3

Here, E,(x-Ax) and E,(x-Ax) are the first and second AF
evaluation values at the lens position “x-Ax” before the
predetermined time PT from the lens position “x”.

When the focus lens 22 moves at a “high speed” or a
“medium speed” described below, since the moving distance
of'the focus lens 22 for the predetermined time PT is greater
than the distance Ax, the variation calculation unit 41
determines E,(x-Ax) and E,(x-Ax) by an interpolation
arithmetic operation.

A table storage unit 44 which stores a table TB shown in
FIG. 5 is connected to the main control unit 30. The table
storage unit 44 is constituted of a nonvolatile memory, such
as a flash memory. In the table TB, the correspondence
relationship between the rates RV (x) to RV;(x) of increase
or decrease of the first to third variations V,(x) to V;(x) and
the moving speed SP of the focus lens 22 is defined. The
rates RV, (x) to RV,(x) of increase or decrease are repre-
sented by Expressions (4) to (6).

RV )={V1@)-V1(x-A0) }/ V() Q)

RV (6)={V>x)-Vo(x=Ax) }/ V() ®

RV V()= V3(x=Ax) }/ V() 6
In the table TB, “+” indicates that the rate of increase or

decrease is greater than a threshold value T1 (T1>0) and is
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increasing. indicates that the rate of increase or decrease
is smaller than a threshold value T2 (T2<0) and is decreas-
ing. “0” indicates that the rate of increase or decrease is
equal to or greater than the threshold value T2 and equal to
or less than the threshold value T1, and is not substantially
increased or decreased. In this embodiment, for example,
T1=0.01 and T2=-0.01 are set. “H”, “M”, and “L” respec-
tively represent the “high speed”, the “medium speed”, and
the “low speed”. In this embodiment, for example, it is
assumed that the medium speed is a speed twice the low
speed, and the high speed is a speed is a speed four times the
low speed.

The moving speed control unit 42 controls the moving
speed of the focus lens 22 based on the rates of increase or
decrease of the first to third variations V,(X) to V;(x)
calculated by the variation calculation unit 41 referring to
the table TB. Specifically, the moving speed control unit 42
acquires the first to third variations V,(x) to V;(x) from the
variation calculation unit 41 at an interval of the predeter-
mined time PT, and calculates the rates RV, (x) to RV,(x) of
increase or decrease to extract a corresponding speed SP
from the table TB. The moving speed control unit 42
changes the speed of the focus lens 22 to the extracted SP
when the speed SP extracted from the table TB is different
from the current speed of the focus lens 22.

The focal position detection unit 43 specifies the focal
position of the focus lens 22 by detecting the peak of at least
one of the first and second AF evaluation values E,(x) and
E,(x). Specifically, the focal position detection unit 43
monitors change in the first and second AF evaluation values
E, (%) and E,(x) acquired by the AF evaluation value acqui-
sition unit 38 at an interval of the predetermined time PT,
basically detects a position P1 of the focus lens 22 where the
first AF evaluation value E, (x) becomes a maximum value,
and specifies the position P1 as the focal position. When the
maximum value of the first AF evaluation value E,(x) is
smaller than a predetermined value, or when a peak is not
detected at the first AF evaluation value E,(x), the focal
position detection unit 43 detects a position P2 of the focus
lens 22 where the second AF evaluation value E,(x)
becomes a maximum value, and specifies the position P2 as
the focal position.

For starting the AF operation, the main control unit 30
determines whether or not the moving direction of the focus
lens 22 is toward a FAR side and a NEAR side, and moves
the focus lens 22 in the determined direction.

Specifically, at the time of the start of the AF operation,
the main control unit 30 moves the focus lens 22 by a
distance Ax from the current position toward the FAR side
and the NEAR side while allowing the solid state imaging
element 26 to perform imaging, and moves the focus lens 22
in a direction in which the first and second AF evaluation
values E,(x) and E,(x) increase. When the increase direc-
tions of the first and second AF evaluation values E, (x) and
E,(x) are different, for example, the focus lens 22 is moved
in the increase direction of the first AF evaluation value
E,(x). At the time of the AF operation, the moving speed
control unit 42 sets the moving speed of the focus lens 22 to
the “low speed”.

The main control unit 30 performs auto exposure (AE)
control for detecting the exposure of the solid state imaging
element 26 based on the luminance signal of YC image data
and controlling the second motor driver 28 based on the
detected exposure to adjust the size of the aperture 21a of the
diaphragm 21 to a proper exposure. The detailed description
of the AE control will be omitted.
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Next, the action of the digital camera 11 will be described.
First, if the power button 17 is operated by the user and the
power supply is turned to an on state, a power supply voltage
is supplied to the respective units of the digital camera 11.
If the mode selection button 19 is operated by the user and
the operation mode is set to the still image photographing
mode or the moving image photographing mode, the display
(hereinafter, referred to as live view display) of the live view
image is displayed on the display unit 16.

The live view display is performed when the main control
unit 30 causes the solid state imaging element 26 to repeat-
edly perform an imaging operation in a period PT and
displays an image based on image data output from the solid
state imaging element 26 on the display unit 16 through the
display control unit 36. During the live view display, the AF
operation and the AE control are repeatedly performed. The
user can determine composition while viewing the live view
display and can perform imaging.

When the operation mode is the still image photographing
mode, if the release button 18 is half-depressed by the user,
the AF operation and the AE control are performed. There-
after, if the release button 18 is full-depressed, image data
obtained by the solid state imaging element 26 is converted
to compressed image data by the digital signal processing
unit 34, and is recorded in the recording media 40 through
the media control unit 35.

When the operation mode is the moving image photo-
graphing mode, image data of multiple frames obtained by
the solid state imaging element 26 in a period during which
the release button is full-depressed again after the release
button 18 is full-depressed is converted to moving image
data by the digital signal processing unit 34, and is recorded
in the recording media 40 through the media control unit 35.

Next, the AF operation will be described referring to the
flowchart shown in FIG. 6. If the AF operation starts, the
focus lens 22 is moved toward the FAR side and the NEAR
side by the distance Ax from the current position by the main
control unit 30, and the direction in which the first and
second AF evaluation values E,(x) and E,(X) increase is
determined as the moving direction (Step S10). When the
focus lens 22 is positioned at the FAR end and the NEAR
end, the acquisition of the first and second AF evaluation
values E,(x) and E,(x) is not performed, and the direction
toward the NEAR side and the FAR side is determined as the
moving direction.

After the moving direction of the focus lens 22 is deter-
mined, the initial speed of the focus lens 22 is set to the “low
speed” by the moving speed control unit 42 (Step S11), and
the moving of the focus lens 22 starts in the direction
determined in Step S10 (Step S12). After the moving of the
focus lens 22 starts, the imaging operation is repeatedly
performed in the period PT by the solid state imaging
element 26 (Step S13).

The first and second spatial frequency components are
extracted by the frequency component extraction unit 37
each time the imaging operation is performed by the solid
state imaging element 26, and the first and second AF
evaluation values E,(x) and E,(x) are acquired by the AF
evaluation value acquisition unit 38 (Step S14). If the first
and second AF evaluation values E,(x) and E,(x) are
acquired, the peak detection of the first and second AF
evaluation values E,(x) and E,(x) is performed by the focal
position detection unit 43 (Step S15). For the peak detection,
the imaging operation should be performed at least three
times.

When no peak is detected in the first and second AF
evaluation values E, (x) and E,(x), the first to third variations
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V() to V5(x) are calculated by the variation calculation
unit 41 based on the first AF evaluation values E,(x) and
E,(x-Ax) obtained by the last two imaging operations and
the second AF evaluation values E,(x), E,(x-Ax), and
E,(x-2Ax) obtained by the last three imaging operations
(Step S16).

If'the first to third variations V(x) to V;(x) are calculated,
the rates RV,(x) to RV,(x) of increase or decrease are
calculated by the moving speed control unit 42, the corre-
sponding speed SP is extracted from the table TB, and it is
determined whether or not a speed change of the focus lens
22 is required (Step S17). When the speed SP extracted from
the table TB is different from the current speed of the focus
lens 22 (in Step S17, YES), the speed is changed to the speed
SP (Step S18). When the extracted speed SP is equal to the
current speed of the focus lens 22 (in Step S17, NO), a speed
change is not performed.

The operations of Steps S13 to S17 are repeatedly per-
formed, and in Step S15, when a peak is detected in the first
AF evaluation value E| (x), the peak position is specified as
the focal position (in Step S15, YES), the focus lens 22 is
moved to the focal position (Step S15), and the AF operation
ends. When the maximum value of the first AF evaluation
value E,(x) is smaller than a predetermined value, or when
no peak is detected and a peak is detected in the second AF
evaluation value E,(x), the peak position is specified as the
focal position, and the focus lens 22 is moved to the focal
position.

FIG. 7 shows a simulation result of the AF operation of
this embodiment. Both of the first and second AF evaluation
values E,(x) and E,(x) are defined as a Gaussian function
having a peak in an area of x>0, and the half-value width of
the second AF evaluation value E,(x) is twice the half-value
width of the first AF evaluation value E, (x).

In order to move the focus lens 22 from an initial position
(x=0) in the positive direction of x, if the first to third
variations V,(X) to V;(x) are calculated while increasing x
from x=0, all of the first to third variations V,(x) to V;(x)
have an increase tendency (RV,(x)>T1, RV,(x)>T1,
RV;(x)>T1). According to the table TB, since this corre-
sponds to the “high speed”, thereafter, in order to move the
focus lens 22 at a high speed, x is increased by 0.4, and the
first to third variations V,(x) to V;(x) are calculated each
time X is increased.

This tendency is continued, and when x=2.8 is reached,
the first and second variations V,(x) and V,(x) have an
increase tendency (RV,(x)>T1, RV,(x)>T1), while the third
variation V;(x) is changed to a decrease tendency
(RV,(x)<T2) According to the table TB, since this corre-
sponds to the “medium speed”, thereafter, in order to move
the focus lens 22 at a medium speed, x is increased by 0.2,
and the first to third variations V,(x) to V;(x) are calculated
each time X is increased.

This tendency is continued, and when x=3.8 is reached,
the first variation V,(x) has an increase tendency
(RV,(x)>T1), while the second variation V,(x) is changed to
a decrease tendency (RV,(x)<T2) and the third variation
V,(x) is changed to an increase tendency (RV;(x)>T1).
According to the table TB, since this corresponds to the “low
speed”, thereafter, in order to move the focus lens 22 at a low
speed, x is increased by 0.1, and the first to third variations
V,(x) to V;(x) are calculated each time x is increased. This
tendency is continued, and a peak is detected in the first and
second AF evaluation values E,(x) and E,(x) when x=5.0.

In this way, after the AF operation starts, when the focus
lens 22 approaches the focal position, since the moving
speed of the focus lens 22 is changed from the high speed to
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the medium speed and the low speed, the AF operation time
is reduced without deteriorating the detection accuracy of
the focal position.

Referring to FIG. 7, it is understood that the change point
from the high speed to the medium speed substantially
corresponds to the peak position of the second variation
V,(x), and the change point from the medium speed to the
low speed substantially corresponds to the peak position of
the third variation V;(x).

Second Embodiment

In the first embodiment, although the table storage unit 44
stores only one table, a plurality of tables may be stored in
the table storage unit 44, and a table for use in the moving
speed control unit 42 may be selected according to prede-
termined conditions.

In FIG. 8, a digital camera 50 of a second embodiment is
provided with the main control unit 30 further including a
difference calculation unit 51, in addition to the variation
calculation unit 41, the moving speed control unit 42, and
the focal position detection unit 43. The table storage unit 44
stores first and second tables TB1 and TB2 shown in FIG. 9.
Since other configurations are the same as those in the first
embodiment, the same parts are represented by the same
reference numerals, and description thereof will not be
repeated.

The difference calculation unit 51 calculates the differ-
ence between the first AF evaluation value E,(x) and the
second AF evaluation value E,(x) each time the first and
second AF evaluation values E,(x) and E,(x) are acquired by
the AF evaluation value acquisition unit 38. The difference
is the absolute value difference Z (Z=IE, (x)-E,(x)!) between
the first and second AF evaluation values E,(x) and E,(x).
The moving speed control unit 42 selects the first table TB1
when the absolute value difference Z is equal to or greater
than a predetermined value, and selects the second table TB2
when the absolute value difference Z is smaller than the
predetermined value.

The first table TB1 is the same as the table TB of the first
embodiment. The second table TB2 is different from the first
table TB1 in speed setting of a portion surrounded by a
circle. In the second table TB2, when all of the first to third
variations V,(X) to V;(x) have an increase tendency (RV,
(x)>T1, RV,(x) T1, RV;(x)>T1), the “low speed” is set, and
when first and second variations V,(x) and V,(x) have an
increase tendency (RV,(x)>T1, RV,(x)>T1) and the third
variation V;(X) is not increased or decreased
(T1>RV,(x)>T2), the “medium speed” is set.

When the spatial frequency of the luminance signal in the
AF area inclines toward a high frequency side, the difference
between the first and second spatial frequency components
extracted by the frequency component extraction unit 37 is
small, and the difference between the first and second AF
evaluation values E, (x) and E,(x) is small. In this case, since
the half-value width of the second AF evaluation value E,(x)
is narrowed, and the peak position of the second variation
V,(x) is shifted in a direction of the focal position, if the
moving speed of the focus lens 22 is set using the same first
table TB1 as in the first embodiment, the focus lens 22 is
moved near the focal position while maintaining the
“medium speed” or the “high speed”, and the detection
accuracy of the focal position may be degraded. In contrast,
in this embodiment, since the second table TB2 is used when
the absolute value difference Z is smaller than the predeter-
mined value, and the focus lens 22 is driven at the “low
speed” over substantially the entire range from the initial
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position to the focal position, degradation of the detection
accuracy of the focal position is prevented.

Third Embodiment

In FIG. 10, a digital camera 60 of a third embodiment
includes an object luminance detection unit 61. The table
storage unit 44 stores first and second tables TB1 and TB2
shown in FIG. 11. Since other configurations are the same as
those in the first embodiment, the same parts are represented
by the same reference numerals, and description thereof will
not be repeated.

The object luminance detection unit 61 is connected to the
control bus 31 and the data bus 32. The object luminance
detection unit 61 integrates the luminance signal in the AF
area to determine the average value, thereby detecting object
luminance in the AF area. The moving speed control unit 42
selects the first table TB1 when the object luminance
detected by the object luminance detection unit 61 is equal
to or greater than a predetermined value, and selects the
second table TB2 when the object luminance is smaller than
the predetermined value.

The first table TB1 is the same as the table TB of the first
embodiment. The second table TB2 is different from the first
table TB1 in speed setting of a portion surrounded by a
circle. In the second table TB2, “C” indicates that a set speed
is not changed and is continued as it is.

In this embodiment, as shown in the flowchart of FIG. 12,
if the AF operation starts, the object luminance is detected
by the object luminance detection unit 61 (Step S20), and it
is determined whether or not the object luminance is smaller
than the predetermined value (Step S21). When the object
luminance is equal to or greater than the predetermined
value (in Step S21, NO), the first table TB1 is selected (Step
S22). When the object luminance is smaller than the prede-
termined value (in Step S21, YES), the second table TB2 is
selected (Step S23). The subsequent steps are the same as
those in the first embodiment.

When the object luminance is low, since noise occurs in
image data, and the acquisition accuracy of the first and
second AF evaluation values and the first to third variations
is degraded, if the moving speed of the focus lens 22 is set
using the same first table TB1 as in the first embodiment, a
speed change may be frequently performed more than
necessary. In contrast, in this embodiment, when the object
luminance is lower than the predetermined value, since the
second table TB2 having setting of continuation (C) is used,
the number of speed changes is reduced.

Fourth Embodiment

In a digital camera of a fourth embodiment, the table
storage unit 44 stores the first and second tables TB1 and
TB2 shown in FIG. 11, and the first table TB1 or the second
table TB2 is selected according to the operation mode (the
still image photographing mode or the moving image pho-
tographing mode). Since other configurations are the same
as those in the first embodiment, the same parts are repre-
sented by the same reference numerals, and description
thereof will not be repeated.

In this embodiment, as shown in the flowchart of FIG. 13,
if the AF operation starts, the main control unit 30 deter-
mines whether or not the operation mode currently set by the
mode selection button 19 is the moving image photograph-
ing mode (Step S30). When the still image photographing
mode is set instead of the moving image photographing
mode (in Step S30, NO), the first table TB1 is selected (Step
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S31). When the moving image photographing mode is set (in
Step S30, YES), the second table TB2 is selected (Step S32).
The subsequent steps are the same as those in the first
embodiment.

At the time of photographing a moving image, if the
moving speed of the focus lens 22 is set using the same first
table TB1 as in the first embodiment, a speed change may be
frequently performed with the movement of the object;
however, in this embodiment, at the time of photographing
a moving image, since second table TB2 having setting of
continuation (C) is used, the number of speed changes is
reduced.

Fifth Embodiment

In FIG. 14, a digital camera 70 of a fifth embodiment
includes a scene recognition unit 71. The table storage unit
44 stores first and second tables TB1 and TB2 shown in FIG.
15. Since other configurations are the same as those in the
first embodiment, the same parts are represented by the same
reference numerals, and description thereof will not be
repeated.

The scene recognition unit 71 recognizes the photograph-
ing scene (landscape, figure, macro, or the like) of the object
imaged by the solid state imaging element 26 based on
image data. The scene recognition process is disclosed, for
example, in JP2010-034718A. The moving speed control
unit 42 selects either of the first and second tables TB1 and
TB2 according to the photographing scene recognized by the
scene recognition unit 71.

The first table TB1 is the same as the table TB of the first
embodiment. The second table TB2 is different from the first
table TB1 in that speed setting of a portion surrounded by a
circle is the “medium speed” or the “low speed”. The second
table TB2 is selected when the photographing scene is
“landscape”.

In this embodiment, as shown in the flowchart of FIG. 16,
if the AF operation starts, the photographing scene is rec-
ognized by the scene recognition unit 71 (Step S40), and it
is determined whether or not the photographing scene is
“landscape” (Step S41) When the photographing scene is a
scene other than “landscape” (in Step S41, NO), the first
table TB1 is selected (Step S42) When the photographing
scene is “landscape” (in Step S41, YES) the second table
TB2 is selected (Step S43). The subsequent steps are the
same as those in the first embodiment.

When the photographing scene is landscape, such as
woods, since an object has many high frequency compo-
nents, if the moving speed of the focus lens 22 is set using
the same first table TB1 as in the first embodiment, the focus
lens 22 is moved to the vicinity of the focal position while
maintaining the “high speed”, and the detection accuracy of
the focal position may be degraded. In this embodiment,
when the photographing scene is landscape, since the second
table TB2 is used, and the focus lens 22 is driven at the
“medium speed” or the “low speed” over substantially the
entire range from the initial position to the focal position,
degradation of the detection accuracy of the focal position is
prevented.

When the photographing scene is set by the mode selec-
tion button 19 or the like, a table may be selected based on
the set photographing scene. The number of tables is not
limited to two, and three or more tables may be stored in the
table storage unit 44 corresponding to various photograph-
ing scenes.

Sixth Embodiment

In FIG. 17, a digital camera 80 of a sixth embodiment
includes a point light source detection unit 81. The table
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storage unit 44 stores the first and second tables TB1 and
TB2 shown in FIG. 11. Since other configurations are the
same as those in the first embodiment, the same parts are
represented by the same reference numerals, and description
thereof will not be repeated.

The point light source detection unit 81 detects whether or
not a point light source exists in an AF area based on image
data. The point light source detection process is disclosed,
for example, in JP2013-25650A. The point light source is an
area where local light having a size equal to or greater than
a predetermined size exists. The moving speed control unit
42 selects the first table TB1 when no point light source is
detected by the point light source detection unit 81 imme-
diately after the AF operation starts, and selects the second
table TB2 when the point light source is detected.

If the point light source exists in the AF area, since the
acquisition accuracy of the first and second AF evaluation
values and the first to third variations is degraded, if the
moving speed of the focus lens 22 is set using the same first
table TB1 as in the first embodiment, a speed change may be
frequently performed more than necessary. In this embodi-
ment, when the object luminance is lower than the prede-
termined value, since the second table TB2 having setting of
continuation (C) is used, the number of speed changes is
reduced.

Seventh Embodiment

In FIG. 18, a digital camera 90 of a seventh embodiment
includes a face detection unit 91 and a motion detection unit
92. The table storage unit 44 stores first to third tables TB1
to TB3 shown in FIG. 19. Since other configurations are the
same as those in the first embodiment, the same parts are
represented by the same reference numerals, and description
thereof will not be repeated.

The face detection unit 91 detects a face of a person as an
object from each piece of image data generated by the solid
state imaging element 26 at an interval of a predetermined
time PT. When the face is detected, the face detection unit
91 determines the position and size of the face in the image.
The face detection process is disclosed, for example, in
JP2012-185846A.

The motion detection unit 92 detects the motion of the
object (face) by monitoring the position of the face detected
by the face detection unit 91 from each piece of image data
generated by the solid state imaging element 26 at an
interval of the predetermined time PT. When the motion of
the object is detected, the motion detection unit 92 deter-
mines the variation rate of the size of the object at an interval
of'the predetermined time PT, and determines whether or not
the motion direction of the object is the same as the moving
direction of the focus lens 22 based on the variation rate. The
moving speed control unit 42 selects either of the first to
third tables TB1 to TB3 according to the presence or absence
of face detection in the face detection unit 91 and the motion
direction of the object detected by the motion detection unit
92.

The first table TB1 is the same as the table TB of the first
embodiment. The second table TB2 is different from the first
table TB1 in that speed setting of a portion surrounded by a
circle is the “medium speed” or the “low speed”. The third
table TB3 is different from the first table TB1 in that speed
setting of a portion surrounded by a circle is the “high
speed” or the “medium speed”.

In this embodiment, as shown in the flowchart of FIG. 20,
after the AF operation starts and the first to third variations
are calculated as described above, face detection is detected
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by the face detection unit 91 (Step S50), and when the face
is not detected as the object (in Step S50, NO), the first table
TB1 is selected (Step S51). When the face is detected (in
Step S50, YES), motion detection of the object (face) is
performed by the motion detection unit 92 (Step S52). When
motion is not detected in the object (in Step S52, NO), the
first table TB1 is selected (Step S51).

When motion is detected in the object, it is determined
whether or not the motion direction is the same as the
moving direction of the focus lens 22 (Step S53). When the
motion direction is opposite to the moving direction of the
focus lens 22 (in Step S53, NO), the second table TB2 is
selected (Step S54). When the motion direction is the same
as the moving direction of the focus lens 22 (in Step S53,
YES), the third table TB3 is selected (Step S55). The
subsequent steps are the same as those in the first embodi-
ment.

When the object is moving in the optical axis direction,
the focal position changes. When the motion direction of the
object is opposite to the moving direction of the focus lens
22, since the focal position changes to gradually approach
the focus lens 22 side, if the moving speed of the focus lens
22 is set using the same first table TB1 as in the first
embodiment, the focus lens 22 moves to the vicinity of the
focal position while maintaining the “high speed”, and the
detection accuracy of the focal position may be degraded.
Conversely, when the motion direction of the object is the
same as the moving direction of the focus lens 22, since the
focal position changes in a direction away from the focus
lens 22, the time necessary for focusing may be extended. In
this embodiment, since a table having different speed setting
is appropriately selected according to the presence or
absence of motion of the object and the motion direction, the
AF operation is performed in a short period of time and with
high accuracy.

In this embodiment, although the face is detected as the
object, motion of an object other than the face may be
detected. The detection of the motion direction is not limited
to the method based on the variation rate of the size of the
object.

Eighth Embodiment

In FIG. 21, a digital camera 100 of an eighth embodiment
includes a solid state imaging element 101 which has a phase
difference pixel, and a phase difference focal position detec-
tion unit 102. The table storage unit 44 stores the table TB
shown in FIG. 5. Since other configurations are the same as
those in the first embodiment, the same parts are represented
by the same reference numerals, and description thereof will
not be repeated.

As shown in FIG. 22, the solid state imaging element 101
includes a normal pixel 110, a first phase difference pixel
111a, and a second phase difference pixel 1115. Each of the
pixels 110, 1114, and 1115 includes a photodiode 113 which
is formed on a semiconductor substrate 112, an intermediate
layer 114 which is formed on the photodiode 113 and has an
electrode or a wire, a color filter 115 which is formed on the
intermediate layer 114, and a microlens 116 which is formed
on the color filter 115.

The normal pixel 110 is configured such that a center axis
1164 of the microlens 116 is substantially aligned with a
center axis 113a of the photodiode 113, and does not
substantially have direction dependence of light reception
sensitivity. The first phase difference pixel 111a is config-
ured such that the center axis 116a of the microlens 116 is
deviated from the center axis 113a of the photodiode 113 in
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a left direction, and has high sensitivity to incident light [.1
from a left oblique direction. Meanwhile, the second phase
difference pixel 1115 is configured such that the center axis
116a of the microlens 116 is deviated from the center axis
1134 of the photodiode 113 in a right direction, and has high
sensitivity to incident light [.2 from a right oblique direction.

The first and second phase difference pixels 111a and
1115 are arranged in a two-dimensional matrix along with
the normal pixel 110, and constitute a light reception sur-
face. The pixel signals of the first and second phase differ-
ence pixels 111a and 1115 are subjected to gain correction,
and are then used for generating image data described above
with the pixel signal of the normal pixel 110.

The phase difference focal position detection unit 102
detects the focal position by determining the amount of
deviation between a first image obtained by the pixel signal
of the first phase difference pixel 111a and a second image
obtained by the pixel signal of the second phase difference
pixel 1115. The focusing detection process of the phase
difference system is disclosed, for example, in JP2012-
203314A.

In this embodiment, as shown in the flowchart of FIG. 23,
if the AF operation starts, imaging is performed by the solid
state imaging element 101, and the focal position is detected
by the phase difference focal position detection unit 102
(Step S60). The main control unit 30 determines whether or
not the distance (hereinafter, referred to as a focusing
distance) between the current position of the focus lens 22
to the focal position is equal to or greater than a predeter-
mined value (Step S61).

When the focusing distance is smaller than the predeter-
mined value (in Step S61, NO), the focus lens 22 is moved
to the focal position detected by the phase difference focal
position detection unit 102 (Step S62), and the AF operation
ends. When the focusing distance is equal to or greater than
the predetermined value, as in the first embodiment, after the
moving direction of the focus lens 22 is determined (Step
S63), and the initial speed of the focus lens 22 is set, the AF
operation of the contrast system is performed. In this
embodiment, for performing the AF operation of the contrast
system, since it is known that the object distance is equal to
or greater than a predetermined value, the moving speed
control unit 42 sets the initial speed to the “high speed”.

In this embodiment, since the focal position is detected by
the phase difference detection system, and when the focus-
ing distance is smaller than the focusing distance, the
detection accuracy of the focal distance detected by the
phase difference detection system is comparatively high, the
AF operation of the contrast system is not performed, and
the focus lens 22 is moved to the focal position. When the
focusing distance is equal to or greater than the predeter-
mined value, since the detection accuracy of the focal
position is low, the AF operation of the contrast system is
executed. In this way, in this embodiment, it is possible to
perform the AF operation in a shorter period of time and
with higher accuracy.

Ninth Embodiment

In FIG. 24, a digital camera 120 of a ninth embodiment is
provided with the main control unit 30 further including an
arithmetic unit 121, in addition to the variation calculation
unit 41, the moving speed control unit 42, and the focal
position detection unit 43. In this embodiment, the table
storage unit 44 is not provided. Since other configurations
are the same as those in the first embodiment, the same parts
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are represented by the same reference numerals, and descrip-
tion thereof will not be repeated.

The arithmetic unit 121 performs an arithmetic operation
based on Expression (7) each time the first and second AF
evaluation values E,(x) and E,(x) are acquired by the AF
evaluation value acquisition unit 38, and calculates an
arithmetic value D(x).

Dx)=E5(x)-aE (%) M

Here, the constant o (positive real number) is a value
determined in advance such that the arithmetic value D(x)
does not have a peak at the focal position, and has a peak at
a lens position away from the focal position to some extent.
Specifically, the constant c is determined such that the
values of the first and second AF evaluation values E, (x) and
E,(x) match each other at the focal position by imaging a
chart having a specific frequency component.

In this embodiment, the variation calculation unit 41
calculates a variation V(x) corresponding to first-order dif-
ferentiation of the arithmetic value D(x) based on Expres-
sion (8).

Vo )={D(x)-D(-1x) }/Ax ®)

The moving speed control unit 42 sets the moving speed
of the focus lens 22 to the “high speed” when the variation
V(x) is positive (V(x)>0), and sets the moving speed of the
focus lens 22 to the “low speed” when the variation V(X) is
negative (V(x)<0).

FIG. 25 shows a simulation result of the AF operation of
this embodiment. The arithmetic value D(x) is determined
using the first and second AF evaluation values E,(x) and
E,(x) shown in FIG. 7 as a=1.

In order to move the focus lens 22 from the initial position
(x=0) in the positive direction of x, if the variation V(x) is
calculated while increasing x from x=0, the variation V(x)
becomes positive (V(x)>0). Since the variation V(x) corre-
sponds to the “high speed”, thereafter, in order to move the
focus lens 22 at the high speed, x is increased by 0.4, and the
variation V(x) is calculated each time x is increased.

When x=4.0, the variation V(x) is changed to negative
(V(%)<0). Since the variation V(x) corresponds to the “low
speed”, thereafter, in order to move the focus lens 22 at the
low speed, x is increased by 0.1, and the variation V(x) is
calculated each time x is increased. While the variation V(x)
remains negative, a peak is detected in the first and second
AF evaluation values E,(x) and E,(x) when x=5.0.

In this embodiment, after the AF operation starts and
before the focus lens 22 approaches the focal position, since
the moving speed is changed from the high speed to the low
speed, the AF operation time is reduced without deteriorat-
ing the detection accuracy of the focal position.

In this embodiment, as shown in Expression (7), although
a value obtained by multiplying the first AF evaluation value
E,(x) by the constant o is subtracted from the second AF
evaluation value E,(x), a value obtained by adding a con-
stant [ (positive or negative real number) to the first AF
evaluation value E,(x) may be subtracted from the second
AF evaluation value E,(x). In this case, the constant 3 is a
value determined in advance such that an arithmetic value
F(x) does not have a peak at the focal position, and has a
peak at a lens position away from the focal position to some
extent. The constant [} is determined such that the first and
second AF evaluation values E,(x) and E,(x) match each
other at the focal position by imaging a chart having a
specific frequency component.
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A quotient obtained by dividing the first AF evaluation
value E, (x) by the second AF evaluation value E,(x) may be
set as the arithmetic value D(x).

Other Embodiments

In the first to eighth embodiments, although the first to
third variations are calculated, and the moving speed of the
focus lens 22 is controlled based on the rates of increase or
decrease of the first to third variations, only the first and
second variations may be calculated, and the moving speed
of the focus lens 22 may be controlled based on the rates of
increase or decrease of the first and second variations.

In the respective embodiments described above, although
the two filters are provided in the frequency component
extraction unit 37, and the two AF evaluation values are
acquired by the AF evaluation value acquisition unit 38, the
number of filters of the frequency component extraction unit
37 may be one, and only one AF evaluation value may be
acquired. In this case, the variation calculation unit 41 may
calculate at least a variation corresponding to first-order
differentiation of the AF evaluation value, and the moving
speed control unit 42 may control the moving speed of the
focus lens 22 based on the variation. In addition, three or
more filters may be provided in the frequency component
extraction unit 37, and three or more AF evaluation values
may be acquired.

In the respective embodiments described above, although
a digital camera is illustrated as an imaging device, the
invention can be applied to various apparatuses with an
imaging function (imaging devices), such as a video camera,
a mobile phone with a camera, and a smartphone. The
respective embodiments described above can be combined
with one another as long as there is no contradiction

Although the present invention has been fully described
by the way of the preferred embodiment thereof with
reference to the accompanying drawings, various changes
and modifications will be apparent to those having skill in
this field. Therefore, unless otherwise these changes and
modifications depart from the scope of the present invention,
they should be construed as included therein.

What is claimed is:

1. A photographing apparatus comprising:

a focus lens;

a lens drive unit which moves the focus lens in an optical
axis direction;

an imaging unit which images an object at an interval of
a predetermined time through the focus lens moving in
the optical axis direction, and generates a plurality of
pieces of image data;

a frequency component extraction unit which extracts a
spatial frequency component from each piece of image
data using a first filter and a second filter as high pass
filters, a cutoff frequency of the first filter being higher
than a cutoff frequency of the second filter;

an AF evaluation value acquisition unit which integrates
the spatial frequency component extracted by the first
filter to acquire a first AF evaluation value, and inte-
grates the spatial frequency component extracted by the
second filter to acquire a second AF evaluation value;

an arithmetic unit which subtracts a value obtained by
multiplying or adding a predetermined constant to the
first AF evaluation value from the second AF evalua-
tion value to calculate an arithmetic value, the arith-
metic value being calculated as E,-aE, or E,—(E,+f)
where E,; and E, are the first and second AF evaluation
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values respectively, o is a constant of positive real
number, and f} is a constant of positive or negative real
number;

a variation calculation unit which calculates a variation of
the arithmetic value at an interval of the predetermined
time;

a moving speed control unit which controls a moving
speed of the focus lens by the lens drive unit based on
the variation; and

a focal position detection unit which detects a focal
position of the focus lens based on at least one of the
first AF evaluation value and the second AF evaluation
value.

2. A photographing apparatus comprising:

a focus lens;

a lens drive unit which moves the focus lens in an optical
axis direction;

an imaging unit which images an object at an interval of
a predetermined time through the focus lens moving in
the optical axis direction, and generates a plurality of
pieces of image data;

a frequency component extraction unit which extracts a
spatial frequency component from each piece of image
data using a first filter and a second filter as high pass
filters, a cutoff frequency of the first filter being higher
than a cutoff frequency of the second filter;

an AF evaluation value acquisition unit which integrates
the spatial frequency component extracted by the first
filter to acquire a first AF evaluation value, and inte-
grates the spatial frequency component extracted by the
second filter to acquire a second AF evaluation value;

a variation calculation unit which calculates at least a first
variation corresponding to first-order differentiation of
the first AF evaluation value and a second variation
corresponding to first-order differentiation of the sec-
ond AF evaluation value at an interval of the predeter-
mined time;

a moving speed control unit which controls a moving
speed of the focus lens by the lens drive unit based on
the first variation and the second variation;

a focal position detection unit which detects a focal
position of the focus lens based on at least one of the
first AF evaluation value and the second AF evaluation
value;

a difference calculation unit which calculates a difference
between the first AF evaluation value and the second
AF evaluation value, the difference being calculated as
IE,-E,| where E, and E, are the first and second AF
evaluation values respectively; and

a table storage unit which stores a plurality of tables
defining at least a correspondence relationship between
rates of increase or decrease of the first and second
variations and the moving speed, the correspondence
relationship being different according to the difference,
wherein

the moving speed control unit selects a table correspond-
ing to the difference calculated by the difference cal-
culation unit from among the plurality of tables, and
controls the moving speed of the focus lens by the lens
drive unit based on the selected table.

3. A photographing apparatus comprising:

a focus lens;

a lens drive unit which moves the focus lens in an optical
axis direction;



US 9,479,690 B2

21

an imaging unit which images an object at an interval of
a predetermined time through the focus lens moving in
the optical axis direction, and generates a plurality of
pieces of image data;

a frequency component extraction unit which extracts a
spatial frequency component from each piece of image
data using a first filter and a second filter as high pass
filters, a cutoff frequency of the first filter being higher
than a cutoff frequency of the second filter;

an AF evaluation value acquisition unit which integrates
the spatial frequency component extracted by the first
filter to acquire a first AF evaluation value, and inte-
grates the spatial frequency component extracted by the
second filter to acquire a second AF evaluation value;

a variation calculation unit which calculates at least a first
variation corresponding to first-order differentiation of
the first AF evaluation value and a second variation
corresponding to first-order differentiation of the sec-
ond AF evaluation value at an interval of the predeter-
mined time;

a moving speed control unit which controls a moving
speed of the focus lens by the lens drive unit based on
the first variation and the second variation;

a focal position detection unit which detects a focal
position of the focus lens based on at least one of the
first AF evaluation value and the second AF evaluation
value;

a difference calculation unit which calculates a difference
between the first AF evaluation value and the second
AF evaluation value; and

a table storage unit which stores a plurality of tables
defining at least a correspondence relationship between
rates of increase or decrease of the first and second
variations and the moving speed, the correspondence
relationship being different according to the difference,
wherein

the moving speed control unit selects a table correspond-
ing to the difference calculated by the difference cal-
culation unit from among the plurality of tables, and
controls the moving speed of the focus lens by the lens
drive unit based on the selected table, wherein

the variation calculation unit calculates a third variation
corresponding to second-order differentiation of the
second AF evaluation value at an interval of the pre-
determined time in addition to the first and second
variations, and

the table storage unit stores a plurality of tables in which
the rates of increase or decrease of the first to third
variations are associated with the moving speed.

4. A photographing apparatus comprising:

a focus lens;

a lens drive unit which moves the focus lens in an optical
axis direction;

an imaging unit which images an object at an interval of
a predetermined time through the focus lens moving in
the optical axis direction, and generates a plurality of
pieces of image data;

a frequency component extraction unit which extracts a
spatial frequency component for each filter constituting
a plurality of high pass filters using the plurality of high
pass filters having different cutoff frequencies from
each piece of image data;

an AF evaluation value acquisition unit which integrates
the spatial frequency component extracted for each
filter to acquire an AF evaluation value group com-
posed of a plurality of AF evaluation values;
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a variation calculation unit which calculates a variation of
a value based on the AF evaluation value group at an
interval of the predetermined time;

a moving speed control unit which controls a moving
speed of the focus lens by the lens drive unit based on
the variation;

a focal position detection unit which detects a focal
position of the focus lens based on at least one AF
evaluation value of the AF evaluation value group;

a luminance detection unit which detects a luminance of
the object; and

a table storage unit which stores a plurality of tables
defining a correspondence relationship between rates of
increase or decrease of the variations and the moving
speed, the correspondence relationship being different
according to the luminance, wherein

the moving speed control unit selects a table correspond-
ing to the luminance detected by the luminance detec-
tion unit from among the plurality of tables, and
controls the moving speed of the focus lens by the lens
drive unit based on the selected table.

5. A photographing apparatus comprising:

a focus lens;

a lens drive unit which moves the focus lens in an optical
axis direction;

an imaging unit which images an object at an interval of
a predetermined time through the focus lens moving in
the optical axis direction, and generates a plurality of
pieces of image data;

a frequency component extraction unit which extracts a
spatial frequency component from each piece of image
data using a first filter and a second filter as high pass
filters, a cutoff frequency of the first filter being higher
than a cutoff frequency of the second filter;

an AF evaluation value acquisition unit which integrates
the spatial frequency component extracted by the first
filter to acquire a first AF evaluation value, and inte-
grates the spatial frequency component extracted by the
second filter to acquire a second AF evaluation value;

an arithmetic unit which subtracts a value obtained by
multiplying or adding a predetermined constant to the
first AF evaluation value from the second AF evalua-
tion value to calculate an arithmetic value;

a variation calculation unit which calculates a variation of
the arithmetic value at an interval of the predetermined
time;

a moving speed control unit which controls a moving
speed of the focus lens by the lens drive unit based on
the variation; and

a focal position detection unit which detects a focal
position of the focus lens based on at least one of the
first AF evaluation value and the second AF evaluation
value, further comprising:

at least one pair of phase difference pixels provided in the
imaging unit; and

a phase difference focal position detection unit which
detects the focal position with the phase difference
pixels, wherein

the moving speed control unit sets an initial speed for
starting to move the focus lens to a predetermined value
by the lens drive unit in the case where the distance
between the position of the focus lens and the focal
position detected by the phase difference focal position
detection unit is equal to or greater than a predeter-
mined value.

6. The photographing apparatus according claim 1,

wherein each of the first filter and the second filter is a digital
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filter which subjects each piece of image data to a discrete
cosine transformation process to extract the spatial fre-
quency component.
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